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[57] ABSTRACT 
A circuit arrangement for side lobe suppression in radar 
wherein the undesired signals which arrive at the radar 
receiver by way of the side lobes of the antenna are 
cancelled by using a compensation circuit formed as a 
loop. Additional circuit means for the formation of a 
weighting factor for the weighting multiplier are pro 
vided in the feedback of the loop between a correlator 
and a weighting ampli?er. 
When the noise power at the output of the compensat 
ing circuit is greater than the noise power that the radar 
receiver supplies without the compensation circuit, the 
output will be switched from the compensation circuit 
to a direct output of the radar receiver. The comparison 
of the noise power in a comparator then supplies the 
control signal for the change-over. The change-over 
can also occur as a function of thermal noises when the 
amount of the weighting factor exceeds a predeter~ 
mined value. The weighting factor is monitored by a 
control circuit. So as to make the response behaviour of 
the compensated loop independent of the noise signal 
power, a controlled ampli?er is incorporated in the 
control circuit with the gain of the ampli?er being in 
versely proportional to the square of the noise ampli~ 
tude in the auxiliary channel. The controlled ampli?er 
can be mounted in the feedback branch between the 
correlator and the weighting multiplier or can be in 
serted in front of one of the two inputs of the correlator. 

5 Claims, 3 Drawing Figures 
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CIRCUIT ARRANGEMENT FOR SIDE LOBE 
SUPPRESSION IN RADAR APPARATUSES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates in general to radar devices and 

in particular to a circuit arrangement for side lobe sup 

5 

pression in a radar device utilizing a loop as part of a 10 
compensating circuit in which an undesired signal re 
ceived by way of the side lobes of the radar antenna is 
compensated in an adder using an auxiliary signal ob 
tained with an omnidirectional auxiliary or phantom 
antenna after it has been weighted in a weighting multi 
plier using a weighting factor developed in a feedback 
branch between a correlator and the weighting multi 
plier of the side lobe cancellerV(SLC). ' 

2. Description of the Prior Art 
Undesired signals received by side lobes of a radar 

antenna can result in a signi?cant degradation in the 
radar receiver in the processing of useful signals. This 
undesired result becomes particularly evident when it is 
desired to use small antennas in conjunction with high 
antenna gain in the direction of maximum radiation to 
result in reduced side lobe attenuation. The antenna 
re?ector is illuminated to the greatest possible degree 
by the primary radiator. This results in side lobes arising 
to an increased degree and said side lobes make it easier 
for a source of unwanted signals or jamming signals to 
pass into the radar signal and disrupt the signal process 
ing procedure even when the major lobe of the radar 
antenna is not directed toward the source of the un 
wanted or jamming signals. A source of unwanted or 
jamming signals of suf?cient strength can thus substan~ 
tially reduce the effectiveness of the radar over its entire 
azimuth detection range. 

It has previously been known to selectively attenuate 
the noise energy by means of so-called side lobes sup 
pression without significantly in?uencing the signal 
received from the major lobe. 
One of the known circuits for side lobes suppression 

functions according to the principal of cancelling the 
noise signal and is designated as a “side lobe canceller” 
(SLC). In addition to the radar receiver and its antenna 
such prior art circuit requires a section reception branch 
with an auxiliary or phantom antenna which has omni 
directional characteristics. Such circuit functions in that 
a signal received in the side lobe range of the primary 
antenna is also received on the auxiliary or phantom 
antenna and is rotated or respectively attenuated in the 
second reception branch as to phase and amplitude by 
means of a control loop such that it is equal to the signal 
from the primary channel. By subtracting the two sig 
nals, it is possible to cancel the noise signal as described 
in the publication MIL. Microwave Conference, Lon 
don 1978, Page 370. 
The two reception branches are linked to each other 

with a loop which consists of an adder, a weighting 
multiplier for the auxiliary signal and a correlator 
which generates a weighting factor for the weighting 
multiplier in a feedback branch and utilizes a circuit for 
the mean value formation and further includes an ampli 
?er. 
Only the noise signals occurring in the side lobe range 

of the radar antenna are to be eliminated with such a 
circuit arrangement. Targets detected by the major lobe 
of the radar antenna in contrast are to be received with 
as little attenuation as possible. A possibility of reducing 

15 

20 

25 

35 

45 

50 

55 

60 

65 

2 
the effect of the loop exists in that the weighting factor 
for the weighting multiplier is limited to a predeter 
mined value, for example, a value of 1. This method, 
however, has the disadvantage that the signal voltage of 
a desired target is attenuated in the ratio of the gain of 
the auxiliary or phantom antenna/ gain of the radar 
major lobe. Moreover, the thermal noise of the auxiliary 
channel is added in full strength (given amount 1) in the 
range of the major lobe into the radar channel whereby 
the signal to noise ratio of the target signal is reduced. 
When predominantly indirect reception of a noise 

signal in a high re?ection environment occurs, the sig 
nals in the radar and auxiliary channels can be uncorre 
lated as a result of multi-path propagation or wide angle 
diffuse re?ection. Since in this case, the correlation 
product between the radar and auxiliary signal will be 
zero, the weighting factor formed in the loop will under 
certain conditions retain its previous value. This prop 
erty can have a negative influence on the output signal 
of the radar channel since the noise energy evaluated 
with the weighting factor effective at such time will be 
added into the radar channel. 
The prior art circuit for side lobe suppression has the 

disadvantage that the transient response of its loop de 
pends on the noise signal power. Usually, the loop is 
formed in a manner such that with low signal noise 
levels the drag error is still tolerable and a high noise 
signal level does not produce self-excitation of the loop. 
Although the loop dynamics can generally be 

adapted to the noise level dynamics utilizing loops 
which function in an analog manner, the dynamics of 
digitally functioning loops is not sufficient in all cases 
due to the stability limit which depends on the scanning 
rate. It then becomes necessary to accept a drag or 
timing error or to limit the noise power. Given SLC 
circuits which are formed in analog technology, an 
automatic gain control (AGC) can be provided in the 
auxiliary channel which maintains the signal level con 
stant. This control, however, deteriorates the dynamic 
behaviour of the circuit when amplitude-modulated 
noise sources or jammer sources occur. A sudden boost 
of the noise amplitude thus results in an output signal 
until the weighting signal has responded to the new 
value. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to avoid degra 
dation of the echo signals from the desired targets with 
out reducing the effect of the noise suppression in the 
side lobe range. Thereby, the noise power is also re 
duced in the radar channel. Also, a further object is that 
in avoiding the constriction of the dynamic range of the 
loop so that the loop independently of the noise level 
functions with an optimum time constant so as to pro 
duce the smallest possible error. The circuit arrange 
ment for side lobe suppression of the invention is de 
signed such that a monitoring circuit (KPl) for the 
amount of the weighting function is provided in a feed 
back branch of the loop with the monitoring circuit 
(KPl) disabling the circuit arrangement for the side 
lobe suppression when a predetermined value is ex 
ceeded. Also, the noise power before and after an adder 
A of the SLC circuit in the radar channel is subjected to 
a comparison measurement and at the output of the 
radar channel when preponderance of the measured 
value at the output side of the adder A is connected to 
the input of the adder of the SLC circuit using a change 
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over switch U and additionally, a device for gain con 
trol for the formation of the weighting factor is pro 
vided which effects a gain in the weighting factor 
which is inversely proportional to the square of the 
noise amplitude in the auxiliary channel according to 
the equation (V=a/S2). 

If an undisrupted reception signal exists in the radar 
channel, then the increase of the noise power as a result 
of the employment of a SLC circuit is prevented by 
means of a change-over operation. On the other hand, 
with analog and digital design of the SLC circuit, the 
dynamic range can be fully utilized. Also, the circuit is 
not sensitive to ?uctuations of the noise amplitude. 
Other objects, features and advantages of the inven 

tion will be readily apparent from the following de 
scription of certain preferred embodiments thereof 
taken in conjunction with the accompanying drawings 
although variations and modi?cations may be effected I 
without departing from the spirit and scope of the novel 
concepts of the disclosure and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the invention; 
FIG. 2 illustrates a modi?cation of the invention; and 
FIG. 3 illustrates a further modi?cation of the inven 

tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1, 2 and 3 illustrate sample embodiments of a 
SLC circuit shown in block diagram form. The circuits 
differ only due to different arrangements and design of 
the device for gain control for the weighting factor in 
the loop. The signi?cant components of the SLC circuit 
for side lobe suppression of all of the sample embodi 
ments include a primary reception branch having a 
radar antenna and a primary radar receiver and an auxil 
iary reception branch with an auxiliary antenna which 
is designed as an omnidirectional antenna and further 
includes an auxiliary receiver. The two reception 
branches are linked to each other through a loop. The 
output of the arrangement supplies the signals which 
have been cleaned of the noise disruptions of the side 
lobe range of the radar antenna to an evaluation circuit 
not illustrated. The loop of each of the arrangements 
includes an adder which receives inputs in case of a 
disruption of the noise signal R of the primary signal 
branch and a noise signal S from the auxiliary reception 
branch with the noise signal S being previously sub 
jected to a weighting function in a weighting multiplier 
M. As shown in FIG. 1, the primary antenna is con 
nected to a radar receiver which produces an output 
signal R which is supplied to the adder A and also to a 
delay line VZ. The output of the omnidirectional auxil 
iary antenna is supplied to an auxiliary receiver which 
produces an output S which is supplied to a weighting 
multiplier M which supplies an input to the adder A. 
The output of the receiver S is also supplied to a control 
characteristic T which may be a ROM. The signal S is 
also supplied to a correlator K which also receives the 
output Y from the adder A. The output Y of the adder 
is also supplied to the delay line VZ. An ampli?er V2 of 
variable gain receives the output of the correlator K 
and supplies an output to a ?lter F which supplies an 
input to an ampli?er V1 which controls the weighting 
function of the weighting multiplier M. The output of 
the ampli?er V1 is also supplied to a comparator KPl 
and the output of the comparator is connected to con 
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4 
trol a changeover switch U so as to move the switch 
between the R and Y outputs of the delay line VZ 
which comprises the output of the SLC circuit. A sec 
ond comparator KP2 receives the input R from the 
radar receiver and the output Y of the adder A and also 
controls the change-over switch U in response to the 
relationship of these two outputs. 
A mean value signal is formed from the output signal 

of the correlator K in the ?lter F and the mean value 
represents the weighting factor for the weighting multi 
plier M after ampli?cation in the ampli?er V1. Thus, 
the weighting factor of the weighting multiplier is gen 
erated in this fashion. 
The weighting factor is monitored as to its amplitude 

in the monitoring comparator circuit KPl which com 
pares itto a preset level and as soon as the output of the 
ampli?er V1 exceeds aipregletermined value upon "the 
occurrence of a noise or jamming source in the major 
lobe of the radar antenna, the change-over switch U is 
actuated and switches the output of the SLC circuit 
from the output of the adder A designated as Y to the 
input to the adder circuit designated as R. The circuit ' 
arrangement for vthe side lobe suppression continues to 
function without adverse effect, however, still having 
an in?uence on the output signal Y. If the prescribed 
value of the weighting factor falls below the predeter 
mined amount, then after reconnection the SLC circuit 
again becomes effective to perform its function. The 
input and output of the adder A is connected to the 
comparator circuit KP2 in which a comparison of the 
noise power R in front of the SLC circuit and the noise 
power Y at the output of the SLC circuit is accom 
plished. The output of the comparator circuit KP2 con 
trols the change-over switch U so that the signal to be 
supplied for further evaluation is selected as a function 
of the ratio of the two noise powers R and Y before and 
after the SLC adder. If the average power after the 
SLC adder is greater than at its input, the output signal 
will be removed in front of the adder. The change-over 
which is accomplished with the change-over switch U 
only occurs after evaluation of the comparative mea 
surement in the comparison circuit KP2. Thus, the 
delay line VZ is inserted in front of the change-over 
switch U in the signal pass for the signals R and Y and 

‘ the delay time of the delay line V2 is equal to or greater 
than the measuring time in the comparison circuit. 
The generation of the weighting factor is influenced 

by the ampli?cation depending on the amplitude of the 
noise signal in the auxiliary receiver. For this purpose, 
the controlled ampli?er V2 is connected as shown in 
FIG. 1 in the feedback path between the output of the 
correlator K and the ?lter F and the gain V of the 
controlled ampli?er V2 is determined with the control 
characteristic stage T which may be a ROM which 
produces an output of the equation V=(a/S2) where S 
represents the amplitude of the noise signal in the auxil 
iary receiver and a is a factor dependent on the circuit 
arrangement. 
The controlled ampli?er V can also be incorporated 

in the feedback between the ?lter F and the multiplier 
M. In this example, it is expedient to combine the ampli 
?er V1 and the controlled ampli?er V2 to form a single 
ampli?er unit. 

FIG. 2 illustrates a modi?cation of the circuit of FIG. 
1 wherein the controlled ampli?er V2 is connected 
between the output of the adder A and the input to the 
correlator K and the other arrangements of the circuit 
are similar to that illustrated in FIG. 1. The arrange 
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ment of FIG. 2 allows the controlled ampli?er V2 to 
receive the noise-freed signal Y and is controlled by the 
output of the circuit T which receives the noise signal S 
from the auxiliary receiver. 

If due to reduced demands, the SLC circuit need not 
function optimally at all noise or jamming source levels, 
the inventive arrangement makes it possible to provide 
cost saving in that the controlled ampli?er need only be 
adjustable to two predetermined ampli?cation or gain 
levels for two ?xed amplitude values S1 and S2 of the 
auxiliary signal. The adjustment of these values occurs 
as a function of whether a speci?c power is exceeded in 
the auxiliary receiver. Such a variation of the sample 
embodiments according to FIGS. 1 and 2 can be real 
ized in a simple manner by means of a shift of the signal 
bits when a digital design of the SLC circuit occurs. 
FIG. 3 illustrates an additional embodiment of the 

invention wherein so as to maintain the required dy 
namics of the controlled ampli?er small, the ampli?ca 
tion and gain can be divided between two ampli?ers V2’ 
and V2” whereby the ampli?cation and gain of each of 
the ampli?ers is according to the function of V=(a/ S) 
where V is the gain and S is the noise level and a is a 
constant. In this arrangement, the ampli?ers V2’ and 
V2” are connected as shown in FIG. 3 and both are 
controlled by the output of the control characteristic 
circuit T’ which varies their gain according to the func 
tion of (a/ S). Thus, in FIG. 3, the control characteristic 
circuit T’ supplies gain control signals to the ampli?er 
V2’ which receives the output of the receiver S and 
supplies an input to the correlator K. The control char 
acteristic circuit T’ also supplies a gain control signal to 
the ampli?er V2” which receives the output of the 
adder A and supplies an input to the correlator K. 
Although the invention ‘has been described with re 

spect to preferred embodiments, it is not to be so limited 
as changes and modi?cations may be made which are 
within the full intendedv scope as de?ned by the ap 
pended claims. > ' 

We claim: - 

1. A circuit arrangement for side lobe suppression in 
radar devices comprising 'a primary directive radar 
antenna, a primary radar receiver connected to said 
primary radar antenna, an auxiliary omnidirectional 
antenna, an auxiliary receiver connected to said auxil 
iary antenna, a weighting multiplier receiving the out 
put of said auxiliary receiver, an adder‘receiving the 
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6 
outputs of said weighting multiplier and said primary 
radar receiver, a change-over switch receiving the out 
puts of said adder and said primary radar receiver, a 
return loop connected to said weighting multiplier to 
vary its weighting factor and said return loop receiving 
the output of said adder and said auxiliary receiver, a 
?rst comparator (KPl) receiving an output of said re 
turn loop and connected to said change-over switch to 
supply either the output of said adder or said primary 
radar receiver to an output terminal, a second compara 
tor (KP2) receiving the outputs of said adder and said 
primary radar receiver and connected to said change 
over switch to supply either the output of said adder or 
said primary radar receiver to said output terminal, and 
a control characteristic device receiving the output of 
said auxiliary receiver, a gain control means with a gain 
control in said return loop and said control characteris 
tic device connected to said gain control means 
whereby the weighting factor (V) is proportional to the 
square of the inverse noise signal (S2) at the output of 
said auxiliary receiver according to the equation 
V=(a/S2) where a is a constant. 

2. A circuit arrangement according to claim 1 charac 
terized in that the ampli?cation V=(a/S2) occurs in an 
ampli?er (V2) which is mounted in said return loop 
between a corrolator (K) and said weighting multiplier 
(M) and said corrolator (K) receives the outputs of said 
adder and said auxiliary receiver. ~ 

3. A circuit arrangement according to claim 2 charac 
terized in that a delay line (V Z) is mounted ahead of 
said change-over switch (U), and said delay line (V Z) 
causing a delay of the output signal which is equal to or 
greater than the measuring time in said comparison 
means (KP2). 

4. A circuit arrangement according to claim 1 charac_ 
terized in that the ampli?cation V=a/S2 occurs in an 
ampli?er (V2) which receives the output of said adder 
and a corrolator (K) which receives the outputs of said 
ampli?er (V 2) and said auxiliary receiver. 

5. A circuit arrangement according to claim 1 includ 
ing a corrolator (K) and the ampli?cation V=a/S2 is 
accomplished in two separate ampli?ers (V2’, V2”) 
with each respectively pre-connected to two inputs of 
said corrolator (K) and the gains of each being inversely 
proportional to the noise amplitude (S) in the auxiliary 
channel according to the equation V'=(a/ S). 

. it ‘I it ‘I * 


